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My research started from the evaluation of the challenges posed by the introduction of 
laparoscopic surgery and assessing the outcomes of patients undergoing complex colorectal 
procedures performed laparoscopically. The findings of this preliminary research confirmed 
the benefits of laparoscopic surgery and therefore highlighted the need for dedicated 
training pathways, to reduce the long learning curve in minimally invasive surgery. In view of 
the limited time available in theatre for complex training, my research focused on the role 
of surgical simulations and video resources to maximise the benefit from the training event. 
Surgical videos showed favourable characteristics for self-directed learning, time efficiency 
and constructive feedback. After establishing a paucity of adequate educational content in 
majority of online videos, I led a multidisciplinary study group for development of consensus 
guidelines for reporting of educational videos. The use of videos for trainers’ feedback 
sessions also resulted valuable when applied in a pilot study assessing stepwise training in 














Chapter 1. Introduction 9 
Chapter 2. Advantages and challenges of minimally invasive surgery 15 
Chapter 3. Distance learning in surgery 22 
Chapter 4. Quality assurance in published surgical videos. Development of 
multidisciplinary joint trainers-trainees guidelines 
27 
Chapter 5. Hybrid training in minimally invasive colorectal surgery. A pilot 
study 





Appendix 1. Set of all publications on which this thesis is based 50 



















Whilst registered for the above degree, I have not been registered for any other research 
award. The results and conclusions embodied in this thesis are the work of the named 


















1. Celentano, V., Giglio, M.C., Bucci, L. (2015). Laparoscopic versus open Hartmann’s 
Reversal: a Systematic Review and Meta-analysis. Int J Colorectal Dis. (2015) 
Dec;30(12):1603-15. 
2. Giglio, M.C., Celentano, V., Tarquini, R., Luglio, G., De Palma, G.D., Bucci, L. (2015). 
Conversion during laparoscopic colorectal resections: a complication or a drawback? A 
systematic review and meta-analysis of short-term outcomes. Int J Colorectal Dis. (2015)  
Nov; 30(11): 1445-55. 
3. Celentano, V., Finch, D., Forster, L., Robinson, J.M., Griffith, J.P. (2015). Safety of 
supervised trainee performed laparoscopic surgery for inflammatory bowel disease.  Int J 
Colorectal Dis (2015) May; 30:639-44 
4. Celentano, V., Sagias, F., Flashman, K., Conti, J., Khan, J. (2019). Laparoscopic redo 
ileocolic resection for Crohn’s disease in patients with previous multiple laparotomies. 
Scand J Surg. 2019 Mar;108(1):42-48. 
5. Celentano, V. (2015) Need for simulation in laparoscopic colorectal surgery training. 
World J Gastrointest Surg. (2015) 27; 7(9):185-9 
6. Celentano, V., Browning, M., Hitchins, C., Giglio, M.C., Coleman, M.G. (2017). 
Training value of laparoscopic colorectal videos on the World Wide Web: a pilot study on 
7 
 
the educational quality of laparoscopic right hemicolectomy videos. Surg Endosc. 2017 
Nov;31(11):4496-4504. 
7. Celentano, V., Pellino, G., Coleman, M.G. (2019). Lack of online video educational 
resources for open colorectal surgery training. ANZ J Surg. 2019 Mar;89(3):180-183. 
8. Celentano, V., Smart, N., Cahill, R.A., McGrath, J.S., Gupta, S., Griffith, J.P., Acheson, 
A.G., Cecil, T.D., Coleman, M.G. (2018). Use of laparoscopic videos amongst surgical trainees 
in the United Kingdom. Surgeon. 2018 Nov 9. pii: S1479-666X(18)30123-9.  
9. Celentano, V., Coleman, M.G. (2016). Laparoscopic extended right hemicolectomy 
for hepatic flexure cancer: radical primary vascular approach - a video vignette. Colorectal 
Disease (2016) Jan;18(1):110-1. 
10. Celentano, V., Smart, N., McGrath, J., Cahill, R.A., Spinelli, A., Obermair, A., 
Hasegawa, H., Lal, P., Almoudaris, A.M., Hitchins, C.R., Pellino, G., Browning, M.G., Ishida, T., 
Luvisetto, F., Cingiloglu, P., Gash, K., Harries, R., Harji, D., Di Candido, F., Cassinotti, E., 
McDermott, F.D., Berry, J.E.A., Battersby, N.J., Platt, E., Campain, N.J., Keeler, B.D., Boni, L., 
Gupta, S., Griffith, J.P., Acheson, A.G., Cecil, T.D., Coleman, M.G. (2018). LAP-VEGaS practice 
guidelines for reporting of educational videos in laparoscopic surgery: a joint trainers and 
trainees consensus statement. Ann Surg. 2018 Dec;268(6):920-926.11.  
11.        Celentano, V., Flashman, K. (2019). Stepwise training in laparoscopic surgery for 






1. Development of a joint trainers and trainees consensus statement for reporting of 
educational videos in laparoscopic surgery. – European Society of Coloproctology – 
Berlin 2017 
2. Video demonstration of a stepwise approach for Splenic Flexure Resection 
Laparoscopic Approach – Italian Society of Surgical Oncology annual meeting – Turin 
2017 
3. Training video. Four different approaches to laparoscopic redo surgery in recurrent 














Chapter 1.  
Introduction  
Health and care service delivery face growing challenges that must be overcome in order to 
meet patient expectations, the highest safety standards and effective use of available 
resource. Patients living longer (Divo, Martinez, Mannino, 2014, p. 1055), requiring more 
medical and surgical intervention as well as a lack of health and care staff in training 
(Fayanju et al, 2017, p. 459) are just two of the significant barriers to the delivery of 
effective care. Within the surgical field, there have been significant innovations to cope with 
demand and manage patient expectations over recent years. Key to new innovations is to 
realise benefits in patient outcomes as well as reducing error consequence through enabling 
a managed and structured learning environment for trainee surgeons (Curtis et al, 2020, p. 
1). 
The traditional apprentice model for surgeons in training requires sufficient opportunities 
and time to learn surgical skills under the direction and supervision of an experienced 
trainer (Halstead, 1904, p. 267). New surgical and procedural techniques (including 
minimally invasive surgery) are characterized by changes in performance over time, or the 
learning curve (Miskovic, Ni, Wyles, Tekkis, Hanna, 2012, p. 1300), which has been 
recognised as one of the main barriers in surgeons adopting a new technique, alongside 
costs and lack of incentives from the hospitals (Benmessaoud, Kharrazi, MacDorman, 2011, 
p.e16395). The operating room represents an essential learning environment which cannot 
be fully replaced, but with duty hour restrictions, heightened concerns for patient safety 
and increased levels of staff supervision, surgical trainees report less planned educational 
time in this learning environment ultimately affecting autonomy (Blencove, Parsons, 
Hollowood, 2011, p. 795). Additionally, advanced laparoscopic procedures require dedicated 
surgical skills to overcome specific technical difficulties including two-dimensional vision 
with loss of depth perception, restricted range of motion of the instruments and impaired 
tactile sensation (Smith, Farrell, McNatt, Metreveli, 2001, p.547), therefore, laparoscopy 
does not lend itself to ad hoc or opportunistic learning. 
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The advent of laparoscopy revolutionised the training paradigm, not only by introducing 
complexity in the handling of tissues requiring new training pathways, but more importantly 
by allowing the entire surgical team to have the exact same best view (Hall, 2002, p. 465). 
Surgeons can record, re-play and review the procedures they perform, or even evaluate 
how another colleague managed a similar scenario maybe months or years before 
irrespective of geographical location (Fecso, Bhatti, Stotland, Quereshy, Grantcharov, 2019, 
p. 115).  Minimally invasive surgery platforms facilitate the real-time production of audio-
visual materials which are an important educational tool, whist video recording the 
procedure provides viewers with essential information regarding the anatomy as well as the 
different steps and challenges of the surgical procedure from the operating surgeon’s point 
of view. Specific benefits offered include watching from the same perspective, drawing 
arrows or colouring the area of interest to be emphasised or demonstrated; pause the video 
or jump to the part that learners are really interested in (Loukas, 2018, p.553). 
Trainee surgeons are required to gather more technical skills in a shorter time period 
(Greensmith, Cho, Hargest, 2016, p. 76) and a deficiency of successful performance of 
enough critical laparoscopic cases by trainees has been reported (Bell et al, 2009, p. 719). 
The lack of standardisation of expected operative experience in general surgical training 
alongside different requirements of surgical curricula (Elsey, Griffith, Humes, West, 2017, 
p.22) could influence the opportunities for gaining experience for the learner and 
potentially wide variation in the operative exposure of newly qualified surgeons. 
Expectations are that surgeons must develop new innovative methods of surgical training 
outside of the surgical theatre to accelerate through the learning curve and realise 
enhanced patient safety. This model of learning raises questions in several key research 
areas that required investigation, including: 
- Evaluate laparoscopic surgery feasibility and outcomes in complex cases, in whom a 
prolonged learning curve is to be expected 
- Explore the effectiveness of supervised laparoscopic training programmes 
- Identify and evaluate alternative ways to augment traditional teaching and learning 
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The rest of this Chapter provides a personal narrative and explanation of the rest of this 
thesis including the context and background of the programme of research presented 
within.  
Chapter 2 addresses the first research question, discussing how my research focused on 
evaluating the advantages of laparoscopic surgery in the complex setting of patients who 
had a previous emergency surgery for intra-abdominal sepsis, which had traditionally been 
denied a minimally invasive approach in view of the expected technical challenges 
(Celentano, Giglio, Bucci, 2015, p. 1603). This evaluation demonstrated that even in these 
difficult circumstances laparoscopy can be safely performed, with reduced postoperative 
complications. However, the evaluation highlighted that in many cases where the 
procedures started with a laparoscopic approach, they had to be “converted” to open 
surgery, leading me to explore if conversion of a procedure from laparoscopic surgery to 
open surgery added additional risks for the patients.  Subsequently, I co-authored a 
literature review on conversion rate in colorectal cancer surgery and the resulting 
postoperative complications and oncological outcomes (Giglio et al, 2015, p. 1445). The 
main finding was that surgeons at the early stages of the learning curve may have difficulties 
in completing laparoscopic procedures with a high conversion and complication rate. Based 
on this analysis, I undertook an investigation to explore the effectiveness of supervised 
training programs designed to shorten the learning curve and to assess the safety of 
procedures performed by surgeons in training. For this investigation, I led a study group 
evaluating the outcomes of surgical procedures performed by surgical trainees (Celentano, 
Finch, Forster, Robinson, Griffith, 2015, p. 639). This prospective study concluded that 
laparoscopic surgery for inflammatory conditions such as Crohn’s disease and Ulcerative 
Colitis could be safely performed by surgical trainees when supervised by experienced 
trainers, but at the risk and expense of longer operating times. This research also 
demonstrated the advantages of laparoscopic surgery even in complex cases when 
performed by highly trained surgeons (Celentano, Sagias, Flashman, Conti, Khan, 2019, p. 
42). Augmented rates of adverse clinical outcomes at the beginning of the learning curve 
introduce ethical questions and emphasise the demand for mechanisms to decrease 
complications and unnecessary conversions to open surgery during the early stage of 
independent practice. The theme of shortening the learning curve without compromising 
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outcomes focused my research towards identifying strategies to train surgeons outside of 
the operating room with surgical simulation.  Surgical simulation is reported to develop skills 
needed for advanced surgical procedures (Gurusamy, Aggarwal, Palanivelu, Davidson, 2009, 
p. 21), and many studies have demonstrated benefit for surgical trainees (Park et al, 2007, p. 
205). Chapter two concludes with my findings demonstrating that simulation may offer a 
safe, reproducible environment for development of technical skills and procedural 
knowledge in a setting where no real harm may occur to patients (Celentano, 2015, p. 185). 
The findings discussed in Chapter 2 were positive in demonstrating simulation but on its 
own, simulation was not enough to offer a comprehensive training environment. There was 
a need to identify learning modalities that were more efficient than simulation and could be 
used at any time yet were effective. Chapter 3 introduces the concept of audio-visual 
presentations, which are recognized in medicine as important educational materials and are 
used to communicate information effectively to clinicians, patients, and students (Ozyurda 
et al, 2002, p. 189). Laparoscopic surgery is reported to lend itself to the production of 
educational materials with endoscopy systems with integral video-recording devices, 
enabling the capture of high-quality images in a digital format (Abdelsattar et al, 2015, p. 
145). The video recording of the procedure shows exactly what the surgeon is viewing 
providing surgical trainees with essential information regarding anatomy and the different 
steps of the operation. Instructive laparoscopy videos with appropriate exposition could be 
ideal for initial training in laparoscopic surgery, but the trustworthiness of a large proportion 
of publicly available files remains questionable as not all videos are authoritative and may 
not show techniques based on sound evidence (Duncan, Yarwood-Ross, Haigh, 2013, p. 
1576). Surgical trainers consider laparoscopic videos as a useful teaching aid to maximize 
trainees’ learning and skill development given the backdrop of time constraints and 
productivity demands. Preoperative mental coaching leads to improved performance and 
surgical trainees could ‘‘warm up’’ before surgery watching a video showing a step-by-step 
approach to the surgical procedure they are about to perform (Louridas et al, 2015, p. 37). 
To evaluate this, I coordinated a study group to evaluate current availability of online 
surgical videos (Celentano, Browning, Hitchins, Giglio, Coleman, 2017, p. 4496) and their 
quality in terms of educational content and safety of the procedure presented (Celentano, 
Pellino, Coleman, 2019, p. 180). These two studies demonstrated lack of high-quality videos, 
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highlighting the need for improvement in view of the discrepancies between the 
expectations of surgical trainees compared to the available online material, as shown in a 
UK surgical trainees survey (Celentano et al, 2018, p. 1479). 
Crucially for any high quality research, is the ability to enable knowledge exchange and 
disseminate new findings and Chapter 4 summarises how these findings led to the 
development of a consensus statement on reporting laparoscopic surgery video for 
educational purposes in order to achieve high-quality educational videos (Celentano, 
Coleman, 2016, p. 110) that could improve surgical training (Celentano et al, 2018, p. 920). 
This international, multispecialty, joint trainers and trainees study group developed 
guidelines for laparoscopic videos reporting. Hitherto, there was no previously published set 
of reporting guideline for the presentation of surgical videos and, as such, the quality, 
reliability and educational rigour of these materials is highly variable. My research findings 
led to improving the educational value of video outputs, especially if intended for training. 
The logical progression was to set a reference standard by introducing consensus-led 
guidance. Acknowledging that videos need to be recorded and presented according to 
recognised standards confirms that dedicated format and expertise is required for 
production of highly educational outputs. Nevertheless, surgeons in training may have 
different knowledge and skillset or simply be at different stages of their training, 
highlighting the need for tailoring the training resources to maximise learning, I discuss this 
as “hybrid training”.  
Chapter 5 explores the effectiveness of a “hybrid training” model in complex laparoscopic 
surgery (Celentano, Flashman, 2019, p. 1364) for Crohn’s disease. In this study, every 
surgical procedure was subdivided into different training modules of increasing complexity 
and the training episode was tailored to the experience and needs of the surgical trainees. 
Additionally, by applying consistent peer review of surgical performance with mandatory 
review of the recording of the performed procedures, the training episode continued even 
outside the operating room allowing self-directed learning in a convenient setting for the 
trainer and the trainee, minimising risks to patients and enhancing self-reflection. The 
chapter concludes with recognising hybrid training as an effective resource to enhance 
learner centred training in minimally invasive colorectal surgery. 
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Finally, Chapter 6 draws together the narrative of all of the previous chapters and provides 
the ‘golden thread’ of findings that inform this programme of research demonstrating my 






















Chapter 2. Advantages and challenges of minimally invasive surgery 
In this chapter the following peer reviewed manuscripts are discussed: 
1. Celentano, V., Giglio, M.C., Bucci, L. (2015). Laparoscopic versus open Hartmann’s 
Reversal: a Systematic Review and Meta-analysis. Int J Colorectal Dis. 
Dec;30(12):1603-15. 
 
I was the first and corresponding author of this manuscript. My contribution 
included study design, literature review, data collection and analysis, draft 
manuscript review, manuscript submission. 
 
2. Giglio, M.C., Celentano, V., Tarquini, R., Luglio, G., De Palma, G.D., Bucci L. (2015). 
Conversion during laparoscopic colorectal resections: a complication or a drawback? 
A systematic review and meta-analysis of short-term outcomes. Int J Colorectal Dis. 
Nov; 30(11): 1445-55. 
 
I was the second author of this manuscript. My contribution included literature 
review, data collection and analysis, draft manuscript review. 
 
3. Celentano, V., Finch, D., Forster, L., Robinson, J.M., Griffith, J.P. (2015). Safety of 
supervised trainee performed laparoscopic surgery for inflammatory bowel disease. 
Int J Colorectal Dis May; 30:639-44 
 
I was the first and corresponding author of this manuscript. My contribution 
included study design, data collection and analysis, draft manuscript review, 
manuscript submission. 
 
4. Celentano V, Sagias F, Flashman K, Conti J, Khan J (2019). Laparoscopic redo ileocolic 
resection for Crohn’s disease in patients with previous multiple laparotomies. Scand 




I was the first and corresponding author of this manuscript. My contribution 
included study design, data collection and analysis, draft manuscript review, 
manuscript submission. 
 
5. Celentano, V. (2015). Need for simulation in laparoscopic colorectal surgery training.  
World J Gastrointest Surg. 27; 7(9):185-9 
I designed the study, conducted the literature review, drafted and submitted the 
manuscript. 
 
This chapter specifically addresses the research question:  
- Evaluate laparoscopic surgery feasibility and outcomes in complex cases, in whom a 
prolonged learning curve is to be expected 
 
Surgical training has traditionally been one of apprenticeship, based on a Halsted’s “see one, 
do one, teach one” classic scheme (Kerr & O’Leary, 1999, p. 1101) where the surgical trainee 
learns to perform surgery under the supervision of an experienced surgeon. Performing 
laparoscopic procedures requires special surgical skills to overcome the technical difficulties 
that it presents, which include two-dimensional vision with loss of depth perception, less 
range of motion of the instruments when compared with open surgery, impaired tactile 
sensation (Scott et al, 2001, p. 137) and the disparity between visual and proprioceptive 
feedback known as the fulcrum effect (Smith et al, 2001, p. 547). Laparoscopic surgery is 
difficult to learn by observation and practice alone (Dutta, Gaba, Krummel, 2006, p. 301) 
and competency requires dedicated training and mentoring (Celentano et al, 2015, p. 639). 
Moreover, augmented rates of adverse clinical outcomes at the beginning of the learning 
curve introduce ethical questions and emphasize the demand for mechanisms to decrease 
complications and unnecessary conversions to open surgery during the early stage of 
independent practice. As it is no longer accepted that surgeons acquire experience at the 
expense of patient safety, patients should not be exposed to the opportunity of harm when 
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other training approaches are available for skill acquisition (The Southern Surgeons Club, 
1991, p. 1073) and therefore traditional apprenticeship is no longer acceptable.  
It has also been demonstrated that the surgical theatre can be a suboptimal place for 
beginner learning as high stress leads to deleterious effects on performance (Park et al, 
2007, p. 205) and surgical training in the operating room implicates additional cost, 
estimated in approximately United States $47979 per year per trainee (Bridges & Diamond, 
1999, p. 28). Concerns including additional cost, time, schedule restriction and the potential 
for reduced safety have arisen and this forced surgeons to innovate and develop new 
methods of surgical training (Gurusamy et al, 2009, p. 21; Scott et al, 2000, p. 272) and it 
became accepted that the learning curve must be abbreviated by learning outside of the 
surgical theatre (Samia, Khan, Lawrence, Delaney, 2013, p. 47). Committed practice on 
simulators corresponds with improved operative times and efficiency of movement for 
minimally invasive cholecystectomy, for example (Aggarwal et al, 2007, p. 771) whose 
results indicate that the learning curve for laparoscopic colorectal surgery may be reduced 
with this approach.  
However, colonic and rectal resections performed laparoscopically are considered to be 
more difficult than a cholecystectomy as they involve added challenges like the need to 
operate within multiple quadrants in the abdominal cavity, the dissection of inflamed or 
obliterated tissue planes, and the safe mobilization of the bowel from confined spaces 
(Jamali et al, 2008, p. 762). Laparoscopic colorectal surgery training is less adapt to simple 
box trainers because of the necessity to work in multiple quadrants, transect and extract 
often large bulky specimens, and perform bowel anastomosis: advanced surgery needs 
advanced simulation training. Laparoscopic training has changed the traditional perspective 
challenging the Halsted’s one century old apprenticeship model (Haltsed, 1904, p. 267), but 
has also induced a prompt development of simulation techniques given the versatility of the 
video environment and the capability to monitor the motions of the trainees(Bashankaev, 
Baido, Wexner, 2011, p. 28). Adequate training therefore, is the desirable way to prevent 
and mitigate against potential laparoscopic surgical errors (Moore, Bennett, 1995, p. 55). 
Laparoscopic techniques for colorectal surgery have been evolving since the early 1990s 
demonstrating benefits over open techniques in terms of shorter hospital length of stay 
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(Braga et al, 2005, p. 890), less pain, and quicker return to full activities for the patient 
(Franklin et al, 1996, p. 35). Despite the evidence for the clinical benefits of laparoscopic 
surgery and its oncologic safety (Faiz et al, 2009, p. 1695; Hewett et al, 2008, p. 728), the 
dissemination of this technique has been hesitant, with one of the main constraints for a 
swift uptake being an extended learning curve (Miskovic et al, 2012, p. 1300). In particular, 
the high level of technical complexity associated with laparoscopic colectomies was held 
partially responsible for its relatively low adoption rate when compared with other 
laparoscopic modalities (Bardakcioglu, Khan, Aldridge, Chen, 2013, p. 270; Kemp & 
Finlayson, 2008, p. 1181) and learning curves have been estimated as being between 30 and 
60 cases (Tekkis, Senagore, Delaney, Fazio, 2005, p. 83; Choi et al, 2009, p. 622) with the 
need to acquire specific skills dissimilar to those used during conventional surgery (Kim et al, 
2007, p. 1503). Laparoscopic colorectal surgery is a technically challenging modality, 
frequently being self-taught by senior surgeons (Miskovic, Wyles, Ni, Darzi, Hanna, 2010, p. 
943), despite this, there is long-standing evidence that the absence of appropriate training 
may lead to patient safety compromise (The Southern Surgeons Club, 1991, p. 1073; ,Stein, 
Stulberg, Champagne, 2012, p. 488). 
When the operation is not progressing with the laparoscopic approach or if complications 
arise the surgeon needs to change the strategy and continue with a traditional open 
approach (Schwandner, Schiedeck, Bruch, 1999, p. 151). Conversion from laparoscopic to 
open procedure in colorectal surgery is reported with a widely variable rate (5.2 to 77%) 
(Gervaz et al, 2001, p. 827). Safety is paramount in surgery, and rather than performing 
complex procedures without adequate training and proctoring, surgeons should answer the 
question “Would the patient’s outcome have changed if the operation had been planned 
primarily as an open case?” In addition, when informing the patient about the procedure, a 
failed laparoscopic attempt should be presented not simply as a drawback, but as a 
complication, in case the conversion is associated with a poorer postoperative outcome 
(Yamamoto, Fukunaga, Miyajima, Okuda, Konishi, Watanabe, 2009, p. 383).  
In the first study (Celentano et al, 2015, p. 1603) we evaluated the available evidence to 
establish if laparoscopic surgery could be safely performed even in the complex cases of 
reversal of Hartmann’s procedure. This procedure was specifically chosen as it has been 
associated with significant technical challenges in view of the previous sepsis, the high rate 
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of postoperative complications, and the high likelihood of severe intra-abdominal 
adhesions. Our evaluation was based on critical appraisal and systematic review of 13 
studies and a total of 862 patients: 403 undergoing laparoscopic Hartmann’s reversal LHR 
(46.75 %) and 459 open Hartmann’s reversal OHR (53.25 %). Not surprisingly there was a 
high reported rate of conversion to open surgery, which occurred in 65 patients 
(mean16.1%, range 0–50%). Interestingly, LHR was associated with a reduced overall 
postoperative 30-day morbidity compared to OHR as reported in all the included studies 
(OR, 0.24; 95 % CI, 0.17 to 0.34) with no heterogeneity (Q=12.44, p=0.40). The same 
advantage of LHR was confirmed in the reported rates of postoperative wound and chest 
infections, confirming that laparoscopic surgery should be attempted even in these difficult 
cases. Our second systematic review investigated the postoperative outcomes of patients 
who underwent a planned open procedure POS compared to patients who had an open 
procedure as a result of a failed laparoscopic approach. (Giglio et al, 2015, p. 1445). In this 
systematic review we searched Medline, SCOPUS, and Web of Science with no language, 
publication date or publication status restrictions ensuring as a wide inclusion criteria as 
possible. To be considered eligible, a study had to report data on perioperative outcomes in 
patients undergoing planned open surgery (POS group) and in patients in whom the 
laparoscopic procedure was abandoned and converted to open surgery (COS group). Studies 
including patients undergoing emergency colorectal resections were excluded.  
The search provided a total of 4617 citations. After exclusion of duplicates and of studies 
that did not meet the inclusion criteria, 79 full text articles were examined in more detail.  
We finally included 20 studies and a total of 41,741patients: 30,656 patients underwent 
POS, while 11,085 patients had an LCR, with 1935 converted to an open procedure. The 
mean conversion rate was 17% ranging from 7 to 46%. Conversion to open surgery was 
associated with a higher incidence of postoperative pneumonia and wound infections 
highlighting the need for these procedures to be performed only in units where dedicated 
expertise is available.  
Self-taught surgery is considered to be unacceptable and dedicated training programmes in 
colorectal surgery have demonstrated safety and efficacy, while shortening the learning 
curve, as demonstrated in the third study (Celentano et al,  2015, p. 639) which included 
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151 patients undergoing advanced laparoscopic surgery for Crohn’s disease and Ulcerative 
colitis. Seventy-seven patients (50.9 %) were operated by supervised trainees and 74 (49%) 
by recognised surgical trainers. Preoperative characteristics were comparable in the two 
groups and there were no differences in the postoperative outcomes, apart from an 
increase in the operating time of approximately 30 minutes when the surgery was 
performed by a supervised surgical trainee. This study concluded that complex laparoscopic 
surgery could be safely performed by surgeons in training, provided they are supervised by 
certified trainers, but also acknowledged that additional operating time is needed for the 
training of the surgeon. 
Time is needed for training, and this must be taken into account when scheduling the 
operating list. To demonstrate even further the safety and feasibility of the laparoscopic 
approach, we investigated if patients who had traditionally been denied a minimally invasive 
approach, such as patients who had many previous open surgeries, could benefit from the 
laparoscopic approach. Therefore we studied the postoperative outcomes of laparoscopic 
surgery in patients with Crohn’s disease recurrence and who had undergone many previous 
open surgery for sepsis and recurrence (Celentano et al, 2019, p. 42). These patients in 
many surgical units would be only offered traditional open surgery, in view of the perceived 
risks of a failed laparoscopic approach and the limited technical expertise. We found that 
even in these hostile cases, laparoscopic surgery could be performed with postoperative 
outcomes at least comparable to open surgery. Even in this setting laparoscopy comes with 
the price of increased operating time, with approximately 30 extra minutes required, that 
should be considered in the cost analysis against the benefits of laparoscopic surgery for 
patients. 
Given these results, it would seem easy to conclude that laparoscopic surgery should always 
be attempted irrespective of the complexity of the procedure, and that time should be 
spent training surgeons in view of the several advantages of the minimally invasive 
approach. However, since the introduction of the European Working Time Directive (EWTD), 
trainees have less time available for training and the number of procedures they have been 
exposed to has gradually reduced over the last few years with many trainees reporting a 
reduced number of performed procedures compared to the requirements for certification 
of completion of training (Varley, Keir, Fagg, 2006, p. 6).  
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This reported gap between trainees’ expectations and limited availability of time for 
dedicated training needs to be overcome by new training paradigms. Surgical simulation is 
certainly a successful strategy to maximise learning outside of the surgical theatre, as 
discussed in my leading article on need for simulation in laparoscopic colorectal surgery 
training (Celentano, 2015, p. 185), which identified how different methodologies, ranging 
from simple box trainers for individual training in technical steps of the procedure to 
advanced cadaveric models able to reproduce team dynamics and real world pressures able 
to enhance trainees situational awareness and communication skills. 
 
Chapter summary and limitations: 
This chapter explored the benefits of minimally invasive surgery, but more importantly the 
challenges for surgeons in training and educators. Knowledge of the obstacles to be 
overcome for safe training of the next generation of surgeons is essential in order not to 
maximise efficient introduction of new technologies without compromising patient safety 














Chapter 3. Distance learning in surgery  
In Chapter 3 the following manuscripts are discussed: 
1. Training value of laparoscopic colorectal videos on the World Wide Web: a pilot 
study on the educational quality of laparoscopic right hemicolectomy videos. 
Celentano V, Browning M, Hitchins C, Giglio MC, Coleman MG.  
Surg Endosc. 2017 Nov;31(11):4496-4504. 
 
I was the first and corresponding author of this manuscript. My contribution 
included study design, data collection and analysis, draft manuscript review, 
manuscript submission. 
 
2. Lack of online video educational resources for open colorectal surgery training. 
Celentano V, Pellino G, Coleman MG. 
ANZ J Surg. 2019 Mar;89(3):180-183. 
 
I was the first and corresponding author of this manuscript. My contribution 
included study design, data collection and analysis, draft manuscript review, 
manuscript submission. 
 
3. Use of laparoscopic videos amongst surgical trainees in the United Kingdom.  
Celentano V, Smart N, Cahill RA, McGrath JS, Gupta S, Griffith JP, Acheson AG, Cecil 
TD, Coleman MG. 
Surgeon. 2018 Nov 9. pii: S1479-666X(18)30123-9.  
 
I was the first and corresponding author of this manuscript. My contribution 
included study design, data collection and analysis, draft manuscript review, 
manuscript submission. 
 
Chapter 2 highlighted how dedicated training pathways for minimally invasive surgery are 
mandatory to maintain patients’ safety and to reduce the length of the learning curve 
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(Thinggard, 2017, p. 5335). There is an increasing demand for modern surgeons to be 
proficient in practising minimal access surgery (Awad et al, 2018, p. 137), despite this being 
quite complex and the amount of time trainers and trainees have scheduled for dedicated 
training being unfortunately limited.  
Training in the operating theatre can often be “opportunistic” and dependent upon a 
mixture of coincidences such as enough time for the case to be performed by the trainee 
under supervision, presence of a trainer with sufficient expertise in teaching this particular 
procedure or allocated trainee with the required basic skillset to perform the operation 
(Gallagher et al, 2018, p. 412). As the healthcare system is often under pressure with limited 
resources, these circumstances rarely align and therefore the efficiency of training can be 
jeopardised. Unsurprisingly, trainees in dedicated general surgery programs have reported a 
reduced number of procedures performed under supervision, with difficulties in achieving 
the required numbers for certification of training. Therefore, there is a need to better tailor 
the training episode to the specific needs of the trainee.  
One emerging strategy is to identify opportunities allowing for part of the training to take 
place remotely, away from the limitations of the operating room (Balafoutas et al, 2019, p. 
23). The challenges described in Chapter 2 evolved my research towards evaluating the role 
of distance learning in surgery, with particular reference to the use of video-recordings for 
constructive feedback and review of surgical performance. As discussed, the advent of 
laparoscopic surgery revolutionised the training paradigm, requiring introduction of new 
teaching methods to face the challenges of reduced tactile feedback and prolonged learning 
curve, without compromising patients’ outcomes. Laparoscopic surgery platforms are 
equipped with video-recording software and therefore surgeons can record and replay the 
procedures they perform, setting the scene for self-appraisal and constructive peer review 
to improve performance and maintain standards. 
After establishing the need for distance learning, the first step I took in studying the role of 
video-based learning in surgery, was to evaluate the availability, effectiveness and quality of 
video resources already available online and what educational content they offered to 
viewers. This resulted in a pilot study (Celentano et al, 2017, p. 4496) assessing 31 websites 
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including more than 200 online surgical videos demonstrating a laparoscopic right 
hemicolectomy.  
In this study, we faced the challenge of searching for scientific content on resources not 
specifically designed for this purpose, shifting from medical databases commonly used for 
systematic reviews, to websites designed for video sharing. To overcome this difficulty we 
surveyed a group of trainees on how they used online surgical videos, in order to be able to 
replicate it with our search strategy in order to be more likely to reproduce how surgical 
trainees search for video educational material. 
Analysis of the data revealed several limitations to the content included. In fact, we 
reported that an increasing number of videos were published over the last years, but the 
quality of the educational content presented was quite scarce and variable. A concerning 
heterogeneity was demonstrated in the safety of the procedures performed, which was 
scored according to the validated Laparoscopic Competence Assessment Tool (LCAT) 
(Mackenzie et al, 2015, p. 991; Miskovic et al, 2013, p. 476), with the majority of videos 
being published without undergoing a peer review process. Less than 25% of the videos 
explained the details of the patients having the surgery and only 5 to 10% of the videos 
reported the outcomes of the surgery 
Our study concluded that there are a plethora of videos online that surgical trainees can 
access if interested in enhancing their training in laparoscopic surgery, but unfortunately 
there is no guidance currently on what the preferred sources should be and if the presented 
content is suitable for the specific training needs. Before being able to move to the next 
step of my research, I wanted to broadly understand the availability of online video 
resources for colorectal surgery training, and therefore repeat this same evaluation of 
online resources not only for laparoscopic colorectal videos, but also for open surgery 
videos with a subsequent peer reviewed publication detailing the findings (Celentano et al, 
2019, p. 180), obtaining similar results, apart from the expected generalised lack of online 
open surgery videos due to the known technical challenges with video recording in open 
surgery as current methodologies used to record and render the surgeon's point of view in 
open operative surgery remain limited (Saun, Zuo, Grantcharov, 2019, p. 599). Both studies 
demonstrated that a significant number of published surgical videos do not undergo a 
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formal peer review process, potentially leading to a lack of standardisation of published 
material. 
Having assessed the availability and quality of online training videos, I needed to address the 
question on the validity of video-based learning in surgery evaluating how users are 
watching online surgical videos. Being the focus of my research the identification of 
strategies to maximise training opportunities and reducing the length of the learning curve, 
the users were clearly identified with the surgical trainees (opportunistic sample).  
To facilitate this, I organised and distributed to surgical trainees enrolled in recognised UK 
training programs, a survey evaluating the interest of trainees for online surgical videos, 
what resources trainees use and what expectations do they have when watching an online 
surgical video (Celentano et al, 2018, p. 1479). Unsurprisingly, the results of that survey 
indicated that surgical trainees in the UK are interested in online surgical videos as 86.7% of 
the interviewed trainees routinely watched online laparoscopic surgical videos, and they 
preferred open access platforms, rather than websites requiring subscription fees, as the 
most frequently accessed websites were YouTube (http://www.youtube.com) and Websurg 
(http://www.websurg.com).  
Moreover, trainees valued surgical videos presenting additional educational content, as they 
are interested in videos showing not only surgical details such as the position of the patient 
and instrumentation such as trocars (100%), but also the indication for surgery (96%), pre-
operative data (body mass index 92%, previous surgical history 98.7%) and post-operative 
outcomes (length of hospital stay 80%, 30-day morbidity 94.6%). Interestingly, our study 
also highlighted the discrepancy between trainees’ expectations for surgical videos content 
and actual available resources, with a significant gap identified. 
These findings reinforced the hypothesis that watching a video of a recorded surgical 
procedure does not necessarily equate to training in surgery, as online resources need to 
have specific characteristics in order to be categorised as of training value. This raised 
further research questions, for example: 
 Can a surgical video be educational if there is no audio or written narration?  
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 Can surgeons in training appreciate the validity of the presented technique if no 
surgical outcomes are presented or if data on the pathology treated is not clearly 
disclosed?  
 
Chapter summary and limitations: 
The same surgical procedure may be appropriate or inadequate on the basis of specific 
patient’s related factors, such as age, comorbidities or history of previous surgery as for 
example in rectal cancer surgery, where a more limited transanal procedure, rather than a 
radical surgery which could be more appropriate in patients with early disease or significant 
comorbidities (Smart et al, 2016, p. 1069). The publications presented in this chapter 
highlight the emerging evidence base supporting the role of video-based learning in surgery, 
largely due to the wide availability of resources and the learner focused approach, but the 
lack of regulation of this freely available content, potentially demonstrating procedures that 
are unsafe or inappropriate for educational purposes. Acknowledging the unreliability of 
many online available resources led to the development of dedicated guidelines which are 












Chapter 4. Quality assurance in published surgical videos. Development of 
multidisciplinary joint trainers-trainees guidelines  
In Chapter 4 the following peer-reviewed manuscripts are discussed: 
1. Laparoscopic extended right hemicolectomy for hepatic flexure cancer: radical 
primary vascular approach - a video vignette. 
Celentano V, Coleman MG. 
Colorectal Disease (2016) Jan;18(1):110-1. 
 
I was the first and corresponding author of this multimedia manuscript. My 
contribution included study design, data collection, video editing, draft manuscript 
review, manuscript submission. 
 
2. LAP-VEGaS practice guidelines for reporting of educational videos in laparoscopic 
surgery: a joint trainers and trainees consensus statement. 
Celentano V, Smart N, McGrath J, Cahill RA, Spinelli A, Obermair A, Hasegawa H, Lal 
P, Almoudaris AM, Hitchins CR, Pellino G, Browning MG, Ishida T, Luvisetto F, 
Cingiloglu P, Gash K, Harries R, Harji D, Di Candido F, Cassinotti E, McDermott FD, 
Berry JEA, Battersby NJ, Platt E, Campain NJ, Keeler BD, Boni L, Gupta S, Griffith JP, 
Acheson AG, Cecil TD, Coleman MG. 
Ann Surg. 2018 Dec;268(6):920-926. 
 
I was the first and corresponding author of this multidisciplinary consensus 
statement. My contribution included study design, data collection and analysis, draft 
manuscript review, manuscript submission. 
 
Having studied the benefits of minimally invasive colorectal surgery in Chapter 2 and 
established the heterogeneity of online surgical videos quality in Chapter 3, it became 
apparent that surgical videos publication needs to be guided towards the development of 
highly educational content specifically developed for the purpose of training, which will be 
the focus of this chapter.  
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In fact, in the previous chapters, we acknowledged the gap between surgical videos viewers’ 
expectations and quality of available online content. Concerningly, there is currently no 
standard accreditation or regulation for medical videos as training resources. There are self-
regulatory expectations and codes of conduct such as The Health on the Net Foundation 
Code of Conduct (HONCode) which is a code of conduct for medical and health websites, 
but this applies to all online content and is not specific for audio-visual material. The 
EQUATOR (Enhancing the QUAlity and Transparency Of health Research) Network 
(http://www.equator-network.org) lists reporting guidelines which have been developed, 
mainly driven by the insufficient quality of published reports. Some of these are 
internationally endorsed guidelines such as the Consolidated Standards of Reporting Trials 
(CONSORT) (Schulz, Altman, Moher, 2010, p. 834) the Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE statement) (von Elm et al, 2008, 0. 344) and 
the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) (Moher, 
Liberati, Tetzlaff, Altman, 2009, p. 5). Producing surgical videos according to dedicated 
regulations could result in improving the overall quality of published video outputs, similarly 
to clinical trials or observational studies developed following the above-mentioned 
consensus statements.  
We have previously discussed how the use of surgical videos as an educational method has 
expanded rapidly over the last few decades, as advances in the technology required to 
capture, edit and distribute videos have enabled its widespread use. The andragogical 
advantages of using videos are many, including the ability to scale instruction to large and 
small audiences, providing learner-controlled and self-paced learning, facilitating 
asynchronous learning for professionals with hectic schedules, and the ability to orient the 
content in realistic and contextually important environments relevant to adult learners. 
However, the results of the research presented in Chapter 3 confirm that educational videos 
need to be specifically designed for the particular purpose of surgical training and need to 
be prepared according to the learners’ requirements. In order to demonstrate the 
educational benefits of annotation of video educational content in a laparoscopic colorectal 
video, I conducted a study that investigated the use of a surgical video demonstrating a 
laparoscopic right hemicolectomy, enriched with audio-written commentary, screenshots 
and diagrams to highlight relevant anatomical structures and presenting surgical outcomes 
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(Celentano & Coleman, 2016, p. 110). To date this video represents one of the most 
accessed videos amongst more than 500, on the dedicated video channel of the leading UK 
and European colorectal disease journal (Celentano & Di Saverio, 2020, p. 241). 
The research presented in Chapter 2 and 3 also identified a lack of a standardised protocol 
for educational video recording, production and online sharing, which required further 
investigation, and because of the absence of previously published evidence on the topic, a 
Delphi process (Linstone, Turoff, 1975; Varela-Ruiz, Diaz-Bravo, Garcia-Duran, 2012, p. 90) 
to generate consensus guidelines was utilised. The Delphi methodology represents a valid 
way of generating agreement amongst a panel of experts when there is lack of published 
evidence on a particular topic. Participants invited to the Delphi process complete an 
anonymous survey and implement the rejected statements with suggested corrections, 
which are subsequently reviewed in order to amend the statements that did not reach a 
prior threshold required for consensus.  
The Delphi methodology was preferred to semi-structured interviews for the ease of data 
collection and analyses; moreover a phenomenographic methodology might have lacked 
reproducibility or focused only on participants’ own area of expertise (Cossham, 2017, p. 
17). In order to develop appropriate reference guidelines for production of educational 
surgical videos in laparoscopic surgery it was imperative to start from the needs of the users 
and for this reason surgeons in training were an integral part to the study protocol 
development. Additionally, the experience of recognised laparoscopic surgery trainers was 
researched by establishing a steering committee across different countries (UK, Italy, Japan, 
Australia, India) and involving several surgical specialties such as general, colorectal, 
hepatobiliary, urology and gynaecology surgery. This multidisciplinary international, joint 
trainers and trainees group focused on the development of 37 statements addressing the 
required characteristics for an educational surgical video (Celentano et al, 2018, p. 920). 
These were summarised in 7 different domains, such as: Author information and video 
introduction, case presentation, demonstration of the surgical procedure, outcomes of the 
procedure, associated educational content, peer review of surgical videos, use of surgical 
videos in educational curricula.  
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This multidisciplinary work generated the Laparoscopic Video Educational Guidelines (LAP-
VEGaS), a consensus statement for video reporting in laparoscopic surgery. This LAP-VEGaS 
consensus statement serves as a first step toward building a meaningful conceptual 
framework for the creation of educational videos for laparoscopic surgery.  
 
Chapter summary and limitations: 
It is hoped, the LAP-VEGaS guidelines could provide a basic framework that standardises and 
facilitates video content evaluation when peer- reviewing videos submitted for publication 
or presentation, despite recognising that the cognitive load of the procedure presented is 
only one of several key elements in video-based learning in surgery. Teamwork and 
communication are paramount for safe and effective performance and have not been 
explored in this video assessment tool, which focus on surgeon’s technical skills. An 
additional limitation of the LAP-VEGaS guidelines is that they may not apply to all 
educational surgical videos, such for instance basic skills training or videos demonstrating a 
single step of a procedure, which may not need such extensive clinical detail. 
Reporting guidelines are facilitators of good research and their use is indirectly influencing 
the quality of future research, as being open about the study shortcomings when reporting 
one study can influence the conduct of the next study. Constructive criticism based on the 
LAP-VEGaS video assessment tool could ensure the credibility of the source and the safety 
of the procedure presented, with an expected resultant improvement in the quality of the 
educational videos available on the World Wide Web. Validation work is required to 
understand if exposure of surgical trainees to high quality educational videos prepared 
according to the LAP-VEGaS checklist, would eventually result in enhanced learning 







Chapter 5. Hybrid training in minimally invasive colorectal surgery. A pilot 
study  
In Chapter 5 the following manuscript is discussed: 
1. Stepwise training in laparoscopic surgery for complex ileocolonic Crohn’s disease: 
analysis of 127 training episodes.  
Celentano V, Flashman K.  
J Surg Educ. 2019 Sep-Oct;76(5):1364-1369 
I was the first and corresponding author of this manuscript. My contribution 
included study design, data collection and analysis, draft manuscript review, 
manuscript submission. 
 
In Chapter 2, we identified the challenges for surgical training in minimally invasive 
colorectal surgery and in Chapter 3 investigated the available resources for shortening the 
learning curve including the role of distance learning, with a wide variation found in the 
quality of online educational content with need for standardisation. The opportunity and 
value of a standardised framework for educational surgical video reporting was researched 
and presented in Chapter 4 including introducing the LAP-VEGaS guidelines, as a 
standardised tool for reporting educational videos in laparoscopic surgery. These guidelines 
were specifically designed as multispecialty and joint trainers and trainees’ project, with the 
intention to make the consensus statements applicable and relevant for the purpose of 
surgical training in daily practice. However, it remains to be demonstrated if the production 
and dissemination of high-quality videos eventually translates in better training 
opportunities for surgical trainees, which is the focus of the research presented in this 
chapter. 
Therefore, I identified the need to investigate the model of hybrid surgical training 
(Celentano & Flashman, 2019, p. 1364), which collates distance learning in surgery 
combined with hands on training in theatre. In view of my interest for inflammatory bowel 
disease (IBD), a specific group of conditions which often require complex surgery, I decided 
to study the role of hybrid training in these surgical procedures. 
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Crohn’s disease is a chronic inflammatory condition that can involve any part of the 
gastrointestinal tract and typically affects young adults (Yamamoto, Watanabe, 2014, p. 78). 
Complications such as perforation, abscess or fistula formation, and obstruction typically 
require surgical treatment (Toh et al, 2016, p. 8892). In view of the chronic and relapsing 
nature of this condition, unfortunately surgery cannot be considered curative and a 
significant proportion of patients require multiple surgical interventions during their lifetime 
(Morar et al, 2015, p. 247).  As many of these operations are undertaken in patients who are 
malnourished or septic, or had previous surgical interventions, the operation can be quite 
technically challenging, particularly if performed laparoscopically (de Buck et al, 2017, p. 
1713). Crohn’s disease surgery may prove technically challenging in view of multifocal 
inflammation as well as the potential for fistulae, abscesses, and large phlegmons which 
may require additional or unplanned procedures (Fennern et al, 2019, p. 1222). Moreover, 
the surgeon must be prepared to control a thickened mesentery with an increased risk for 
intraoperative bleeding, whilst the lack of tactile feedback may limit the identification of 
occult disease (Taylor et al, 2014, p. 142). 
Patients with complex Crohn’s disease have traditionally been denied a minimally invasive 
surgery approach, but in dedicated centres surgery can be offered laparoscopically with 
comparable if not better results (Celentano et al, 2019, p. 42). These complex surgeries do 
not represent the ideal training case for junior surgeons and are often performed by 
surgeons with specific interest and expertise in IBD. However, having established the 
obstacles encountered by surgical trainees in learning how to safely perform these complex 
procedures, there is a need to investigate if there may be specific parts of the operation 
which may be suitable even for less experienced surgeons. Conversely, surgeons in training 
with more previous exposure to complex colorectal procedures may be able to perform 
some of the steps of the surgery. My hypothesis was that by subdividing the surgical 
procedure in different steps or modules of different complexity, a learner tailored approach 
may be facilitated maximising the training opportunity without compromising patients’ 
safety. The study had the objective to evaluate the efficacy of different models of surgical 
training in these complex procedures and if the introduction of distance learning training 
session with review of surgical videos could enhance the training episode. 
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To evaluate this I designed a qualitative study, in whom the surgical outcomes were 
evaluated but more importantly it was annotated which steps of the procedures were 
performed by the surgeons in training, by dividing the procedures performed for Crohn’s 
disease in four different main steps: exposure and access (introduction of the operating 
trocars and exposure of the operating field), vascular control (dissection of the tissues and 
control of the main vascular pedicle), bowel mobilisation and resection/anastomosis. 
Additionally, the tasks of division of adhesions (often the case if patient had previous 
surgeries) and strictureplasty (Rottoli et al, 2020, p. 711) fashioning (alternative bowel 
sparing technique to resection) were counted as extra steps if performed. All the included 
surgeries were operations typically categorised as complex Crohn’s disease surgery, such as 
patients with multiple internal fistulae or recurrent disease. The procedures were all video-
recorded and the peer review and feedback on the trainee performance was undertaken 
with the use of the validated laparoscopic competence assessment tool - LCAT (Miskovic et 
al, 2013, p. 476; Mackenzie et al, 2015, p. 991). 
One hundred and twenty-seven training episodes were included and 86 were performed by 
trainees (67.7%). Fistula division was the less commonly performed training episode (25%), 
while mobilisation and anastomosis were performed by the supervised trainee in 90% and 
85% of the cases. The adhesiolysis was performed by trainees in 67% of the cases, while 
access and exposure in 52%. LCAT scores were significantly higher for senior trainees 
compared to junior trainees. Finally, when a senior surgical trainee was present in theatre 
up to 87% of the training episodes could be performed by the trainee. These results clearly 
demonstrated that even in complex laparoscopic surgery there is significant opportunity for 
training provided that the training episode is adequate to the learner’s skills and experience, 
allowing a high proportion of the training modules to be performed by the trainee, without 
compromising the postoperative outcomes. The study also utilised video-based learning in 
surgery, as all procedures were video-recorded and trainees sat together with the trainers 
to go through the critical steps of the procedure and critically appraise them with the use of 
a validated questionnaire for debriefing. 
Additionally, it became apparent from the data that adjusting the trainees’ allocation to the 
operating list on the basis of the complexity of the operation performed and of the 
experience of the trainee is a clear strategy to maximise the usefulness of the training 
34 
 
episode. Moreover, utilising the video-recording of the procedure for self-appraisal and 
trainer feedback should be mandatory in every training programme. Consistent review of 
surgical videos could facilitate understanding of common errors in order to create 
awareness of potential injury mechanisms by acknowledging error-event patterns. 
Following my extensive research in areas relating to surgical training, such as trainees 
accessibility of learning opportunities, quality of online video resources and patient safety in 
complex surgery and with leading others to produce guidelines, I have demonstrated that 
learning complex surgery following the model detailed in this chapter is achievable, safe and 
effective. The presented training method requires further research studies to enable 


















Chapter 6. Conclusions  
My research started from the evaluation of the challenges posed by the introduction of 
laparoscopic surgery and assessing the outcomes of patients undergoing complex colorectal 
procedures performed laparoscopically. The findings of this preliminary research confirmed 
the benefits of laparoscopic surgery and therefore highlighted the need for dedicated 
training pathways, to reduce the long learning curve in minimally invasive surgery. In view of 
the limited time available in theatre for complex training, my research focused on the role 
of surgical simulations and video resources to maximise the benefit from the training event. 
Surgical videos showed favourable characteristics for self-directed learning, time efficiency 
and constructive feedback. After establishing lack of adequate educational content in 
majority of online videos, I led a multidisciplinary study group for development of consensus 
guidelines for reporting of educational videos. The use of videos for trainers’ feedback 
sessions also resulted valuable when applied in a pilot study assessing stepwise training in 
complex Crohn’s disease surgery. 
It is very important for surgeons in training to acquire satisfactory experience and skills prior 
to completion of training and start of independent practice (Elbadrawy, Majoko, Gasson, 
2008, p. 474) and several studies have focused on methods to deliver part of the training 
outside of the operating room. The rationale is that surgical trainees would benefit more 
from the live operating if all the required basic knowledge and skills were acquired in a skills 
lab before operating, so that they could focus more on pathological anatomy and surgical 
technique when live operating (Jokinen, Mikkola, Harkki, 2019, p. 3688). Both trainer boxes 
and virtual simulators have proven to be beneficial in enhancing surgical education (Vitish-
Sharma, Knowles, Patel, 2011, p. 659) and have been incorporated into many curriculums 
(Burden 2014). However, complex surgical procedures require skills that can only partially 
be replicated on box trainers. Our research is based on the understanding that the 
development of every new surgical method comes with a period of acquisition to attain 
surgical proficiency. This period allows a surgeon to become increasingly familiar with the 
fine details of minimally invasive surgery, in order to use it successfully and efficiently even 




So far, the number of procedures required to reach proficiency in laparoscopic surgery has 
not been defined clearly (Dagash, Chowdhury, Pierro, 2003, p. 720). Previous studies 
(Schlachta et al, 2003, p. 1288) demonstrated a reduction in conversion rates with 
increasing team experience and highlights that the learning curve can be quite prolonged, 
with improvement noticeable even after several years. Similar learning curves have also 
been reported in laparoscopic bariatric surgery (Suter et al, 2003, p. 603) and urology 
(Gaston, Moore, Pruthi, 2004, p. 63). However, such results should be interpreted with 
some caution, as with increasing experience, surgeons tend to undertake more challenging 
cases, introducing a case selection bias. Moreover, the learning curve may differ on the 
basis of the hospital setting and previous surgeons experience (Tsai, Kiu, Huang, Wu, Chang, 
2016, p. 34). 
Previous research has highlighted the limited number of minimally invasive surgery 
procedures performed by surgeons in training, due to time constraints, but not 
uncommonly to lack of experience of the senior surgeon performing the procedure (Shah, 
Jospeh, Haray, 2005, p. 537).  
The research programme on video-based learning in surgery presented in this thesis has 
some limitations. Firstly, the proposed checklist for video editing and annotation is complex, 
with 37 recommended items to include, which not only makes it time consuming to follow, 
but also does not take into account that some items are not applicable for specific 
procedures, such as videos demonstrating a single, simple surgical task, or educational 
surgical videos demonstrating a surgical procedure performed at the simulator or using 
laparoscopic box trainers. Secondly, the body of research presented in this thesis 
acknowledged that lack of protected training time for trainers and trainees represents one 
of the main constraints for the acquisition of advanced laparoscopic surgery skills. 
Nevertheless, the LAP-VEGaS guidelines and the hybrid training model presented in chapter 
5 add even more complexity to the production of audio-visual educational content, 
increasing the time needed for the training episode. Moreover, no direct or indirect cost-
analysis was included when evaluating the hybrid training model, which could significantly 
limit its applicability by other institutions. Thirdly, the effectiveness of the hybrid training 
model, which combines modular training in theatre with video-based learning and peer 
feedback needs to be further evaluated with the introduction of a control group, with 
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trainees randomly allocated to the hybrid training pathway. Finally, there are many different 
strategies to maximise training opportunities and video-based learning only satisfies some 
of the requirements for the proficiency gain in surgery. Surgeons are part of 
multidisciplinary teams and communication and teamwork are paramount, and 
unfortunately have not been fully evaluated in this thesis. 
Acknowledging these limitations will help guiding the next steps of my research programme 
in the field of surgical training, focused at integrating video-based learning with other 
training modalities and at extending the applicability of the proposed training framework to 
other disciplines and technologies, such as for example robotic assisted surgery and 
endoscopy. It is important to consider that surgical technical skills needs to be integrated 
with team-working, knowledge, communication and several other factors that contribute to 
successful surgical outcomes. The decision making on when to operate and on when to 
perform an anastomosis or to fashion a stoma, requires experience and complex decision 
making, which is not limited to the technical skills of performing it, but more importantly by 
the ability of taking into account several patients related factors. E-modules and video 
training are extremely valuable educational methods, however their use its not exclusive 
and only effective if integrated within a structured training program, including simulation 
training, dry and wet lab activity. Moreover, proctoring plays an essential role in 
guaranteeing patients’ safety when operations are performed during the initial part of the 
surgeons’ learning and proficiency curve. All the training strategies discussed in these thesis 
are to be integrated and in modern surgical training and their use must be tailored 
accordingly to the trainee’s background knowledge and experience. 
Surgery is evolving continuously thanks to newly developed technologies and innovations 
for the benefit of our patients. This also means that surgeons need to adapt to these 
constant changes and ensure safe implementation of these new techniques. This process of 
lifelong learning significantly benefits from dedicated training modalities, and my research 
has added to the knowledge base by providing a hybrid model of surgical training, which 
combines distance learning via the use of surgical videos with tailored training with live 
operating in theatre. My research means that surgeons in training can more confidently 
progress throughout their training in complex minimally invasive surgery and that surgical 
trainers have more guidance on an important additional tool they can use for training the 
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next generation of surgeons. The next challenge for my research programme will be to 
expand the use of the hybrid training pathway I have applied in the specific field of 
colorectal surgery, to other surgical specialties. The next steps of my research following the 
PhD should focus on inter-specialty collaboration in order to promote the model of hybrid 
surgical training across several surgical specialties and procedures, incorporating training in 
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